On the basis of an effective lagrangian incorporating approximate chiral symmetry and heavy-quark spin and flavor symmetries, and by use of information on leptonic decays, we estimate the effective D ⋆ Dπ coupling.
Introduction
Much work has been recently devoted to formulate a heavy-quark effective theory, for hadrons containing a heavy quark, incorporating the heavy-quark flavour symmetry and the heavy-quark spin symmetry that are expected to hold for infinite heavy-quark mass, and estimate deviations from such a limit [1] . We recall that another long-standing attack to the complexity of the QCD dynamics has been the effective chiral approach, based on the approximate chiral invariance of the light QCD sector for small masses of the light quarks. It is important to look for possibilities of using at the same time both systems of symmetries (heavy quark and chiral) in appropriate kinematical situations where they both, separately and acting on the different fields, may be expected to have some approximate validity. The quantitative analysis of the involved approximations will undoubtedly require efforts and hard calculations of corrections terms. We shall attempt here some first estimates, openly based on a certain optimism, considering to come back to more accurate evaluations of the approximations involved when some theoretical issues will be solved and possibly more data accumulated.
In a recent paper [2] (see also [3] , [4] ) an effective chiral symmetric lagrangian describing low momentum interactions of heavy mesons with the pseudo Goldstone bosons of the 0 − octet has been constructed. The lagrangian is as follows
Here the fields H a describe the mesonsq a Q made up by the heavy quark Q and the light anti-quarkq a (a = 1, 2, 3). The lagrangian is assumed to describe the limit m Q → ∞, where, as shown in refs. [5] , [6] , QCD has an additional spin flavour symmetry and a heavy quark effective theory (HQET) can be developed [7] . In eq. (1.1) f = 132 MeV , m q is the diagonal light quark mass matrix; H a is a 4 × 4 matrix that contains the pseudoscalar and vector meson fields P a and P µ a
with P ⋆ aµ v µ = 0. These fields have dimension 3/2 since factors of √ m P have been absorbed in their definition. We also note that the meson fields depend on the meson four-velocity v µ ; each term in eq. (1.1) which is bilinear in H a is diagonal in v, according to the velocity superselection rule [7] and a sum over velocities is understood. Finally H a also depends on the heavy flavour Q.
As for light mesons, the matrix Σ contains the pseudo Goldstone bosons in the form
where M is the usual 3 × 3 matrix of the 0 − pseudoscalar octet.
Besides Lorentz invariance and discrete symmetries, the strong interaction lagrangian (1.1) possesses, in the limit m Q → ∞, m q → 0, a SU(2) spin symmetry, a heavy flavour symmetry and a SU(3) L ⊗ SU(3) R symmetry. Under the chiral symmetry the fields transform as follows
where U is, in general, a non-linear function of the fields and the matrices L ∈ SU(3) L and R ∈ SU(3) R . Under the SU(2) spin symmetry
with S ∈ SU(2).
Finally in eq. (1.1) terms with additional derivatives are omitted, since one aims at describing only the low momentum interactions of the light mesons; the ellipsis in (1.1) denotes these terms as well as higher order mass corrections (1/m Q , etc.).
Semileptonic decays
Weak interactions between light and heavy mesons can be described by the weak current [2] L
where again the ellipsis denotes terms vanishing in the limit m q → 0, m Q → ∞ or terms with derivatives. This current has the same transformation properties of the quark weak currentq a γ µ (1−γ 5 )Q under the chiral group, i.e. (3 L , 1 R ). The constant α can be obtained by considering the matrix element of L µ a between the meson state and the vacuum:
In the limit m Q → ∞ one has the result:
and α has a logarithmic dependence on the heavy quark masses. The scaling law m −1/2 P for f P predicted by (2.3) has relevant O(1/m Q ) corrections at the charm mass, as shown by QCD sum rules [8] and lattice QCD calculations [9] . We take into account these O(1/m Q ) terms since they represent a well defined set of mass corrections and we assume for f D and f B the central values obtained by the QCD sum rule analyses [8] (recent lattice QCD analyses favour values of f B slightly larger [9] ):
In this letter we will present an estimate of the constant g in (1.1). We shall see that this can be done by using the experimental data Γ(D 0 → π − e + ν e ) = (3.9 10] , together with the results (2.4) and (2.5) and reasonable assumptions on semileptonic form factors.
Let us first consider the semileptonic D → π decays. With the usual definition
it follows from (1.1) and (2.1) that the form factors f + and f − have the following contributions at
MeV is the mass difference between the 1 − and 0 − low-lying charmed mesons. The value f + (0) can be tentatively obtained, by assuming for the form factor the q 2 dependence suggested by single pole dominated dispersion relations:
where m 1 is the mass of the vector meson state with the same quantum numbers of the currentq a γ µ Q (the D ⋆ (2010) state in the present case). From this it follows
From experimental data on D 0 → π − e + ν e decay [10] and eqs. (2.4) and (2.5), we get two possible values for g according to the sign of f + (0):
We observe that both solutions are smaller than the value g ≈ 1 obtained by PCAC [11] or in a non relativistic quark model (the first reference in [3] ). They are also within the present experimental bound from D ⋆ → Dπ decay: |g| ≤ 1.7. In fact from (
π /(6πf 2 ) = 0.20g 2 MeV and experimentally [10] one has
We can now use the result (2.11) to get information on the coupling f + (0) forB 0 → π + e The present experimental bound [10] BR(B + → π 0 e + ν e ) < 2.2 × 10 −3 does not allow for a choice between (2.13) and (2.14) and we should wait for more precise data. We can nevertheless get some hints from the decay D 0 → K − e + ν e . In this case we would get from ( to be compared to the value obtained from the semileptonic width [10] |f + (0)| = 0.74 ± 0.03 (2.16) Eqs. (2.15) and (2.16) point towards a smaller value of g, i.e. g ≈ 0.48, but it should be noted that for D → K decays the role of terms with higher derivatives is expected to be not negligible.
Conclusions
The calculations we have performed neglect a number of corrections (in 1/m Q , in higher derivatives, non-polar contributions, etc.) so that one would have to be careful before taking them with an absolute faith. Nevertheless it seems that the chiral perturbation theory for mesons containing a heavy quark, supplemented by information on the leptonic decay constant from QCD sum rules, can be used to get two possible values for the D ⋆ Dπ coupling constant from semileptonic D → π decay. A (more debatable) application to D → K semileptonic decay would favour the smaller value for g (g ≈ 0.48) in the lagrangian of eq. (1.1).
